HE PRODUCTION of cellulase from some local fungal isolates ……..was studied. The results showed that Aspergillus flavus produced the highest cellulase activity (3.017 U/ml) under static condition. It also showed that the best carbon source for cellulase production was filter papers (7.0932 U/ml), and onion scales (6.396 U/ml) at a concentration 30 g/l medium. The Plackett-Burman design was studied for cellulase production from A. flavus showed that the optimizing medium achieved by the statistical design increased cellulase activity (11.699 U/ml) which approximately 2.3 times than that obtained from the basal medium. In addition, A. flavus biomass was entrapped in different gel materials, and the best one for producing cellulase was agar (8.22 U/ml), however, this activity was lower than that in free cultures. Moreover, A. flavus biomass was adsorbed on different porous materials, and the cultures adsorbed on luffa pulp exerted the highest cellulase activity (17.78 U/ml) which was higher than that produced by free cultures. By reusing the adsorbed A. flavus biomass on luffa pulp in seven successive times, the 4 th cycle gave the highest cellulase activity (34.17 U/ml). It was concluded that A. flavus is a feasible candidate for the production of cellulase activity which can be applied in many industrial fields. The results also indicate the possibility of using different agro-wastes like onion scales as a sole carbon source for production of cellulase by A. flavus.
(endo-B-glucanases, and exo-B-glucanases) acting synergistically. The celluloytic enzyme systems of distinct microorganisms are often different. Only true cellulolytic organisms possessing exoglucanase activity can hydrolyse native cellulose. Fungi are the major group of organisms responsible for cellulose degradation, possibly accounting for as 80% of global cellulolysis (Markham and Bazin, 1991) . Fungi are generally 50-1000 times more cellulolytic than the most active bacteria (Saddler et al., 1984) . A. flavus has been reported as one of these fungi (Ojumu et al., 2003) .
Although a large number of microorganisms are capable of degrading cellulose, only few of them produce significant quantities of cell free cellulase capable of completely hydrolyzing crystalline cellulose in vitro (Jungebloud et al., 2007) . Species of Aspergillus are well known and efficient producers of plant cell wall degrading enzyme system (Oksanen et al., 2000; Coral et al., 2002; Onsori et al., 2005) . The work on cellulase production by Aspergillus species has been conducted all over the world. However, the physiological responses of different species may vary with ecological variations.
In the search for good producers of cellulolytic enzymes, however, only relatively few fungal species have been selected by various research workers. Such fungi are: Aspergillus nidulans (Lee et al., 1989) , A. niger (Gokhaled et al., 1991) , Chaetomium globosum (Lakshmikant and Mathur, 1990) . Fusarium oxysporum (Orteg, 1990) , Neurospora crassa (Yazdi et al., 1990) , Penicillium verruculosum (Chung et al., 1982) , Pleurotu spp (Hong et al., 1988) , Trichoderma koningii G-39 (Huang and Forsberg, 1990) , T. pseudokningii S-38 (Ma et al., 1990) , and Trichoderma sp.A.001 (Gashe, 1992) .
The saccharification of different agro-wastes has been reported by other workers employing enzymes from different organisms. Vlasenko et al. (1993) investigated 30 potential cellulosic raw materials for saccharification by Penicillium cellulases. Farooq et al. (1994) studied the saccharification of Kallar grass straw with thermostable cellulases from several fungi including Chaetomium thermophile, Trichoderma reseei, Sporotrichum thermophile, Aspergillus fumigatus, Torula thermophila and Humicola grisea. Okeke and Obi (1995) reported the saccharification of agro-wastes by cellulases and hemicellulases from two fungal isolates viz. Sporotrichum pruinosum and Arthrographis sp., while Castellanos et al., (1995) evaluated various hydrolysis conditions of skop, short fiber waste material from paper industry and cellulosic material by cellulolytic enzymes of fungi.
Recent interest has been focused on the search for new and cheap renewable raw materials for the production of cellulolytic enzymes. On the other hand, the search for new microorganisms capable of producing cellulolytic enzymes suitable for saccharifying these cellulosic wastes is also of potential importance in Egypt. Therefore, the present study aimed to investigate the direct utilization of different cellulose-containing waste products by free and immobilized Aspergillus cells for the production of celluase enzyme.
Material and Methods

Microorganisms
In the present work, four fungi were isolated from soil in the garden of Faculty of Science, Alexandria University, and Shalalate Municipal garden, Alexandria, Egypt. Fungi were cultured in the first screening experiments on Dox-medium which was also used for maintenance of the fungal isolates throughout the work. This medium contained the following ingredients (g/l) NaNO3, 1; K2HPO4, 1; MgSO4.7H2O, 0.5; NaCl, 0.01; cellulose, 20 (filter paper soaked over night then crashed), agar, 20; and the final pH was adjusted to 5.0. The isolated fungi were kindly identified by the Mycological Center, Assiut University, Egypt according to the regulations and keys described by Domsch et al. (2007) . The isolated fungi were Aspergillus flavus, Aspergillus niger, Aspergillus fumigatus, and Penicillium sp.
Natural carbon sources
The effect of carbon source on the production of cellulase was studied using the basal culture medium supplemented with filter papers as a control. On the other experiments, filter papers were replaced by equal amounts of different carbon sources which were untreated onion scales, treated onion scales (decolorized by 5% sodium hypochlorite, washed by distilled water several times, dried, and cut into very small pieces), garlic scales, saw dust, carboxymethylcellulose (CMC), bagasse, and cellulose powder. Each carbon source was supplemented separately on each flask, one at a time. Different concentrations of onion scales ranging from 5 to 40 g/50 ml were individually supplemented to the basal medium to study the effect of onion scales concentration on the growth and cellulase activity of A. flavus.
Cultivation of A. flavus for cellulase production
Fifty ml aliquots of the Dox's meduim were dispensed in 250 ml Erlenmeyer flasks. The medium was adjusted to pH 5 and then sterilized at 121ºC for 15 min. After sterilization, each flask was inoculated with 1 ml fungal spore suspension, obtained from 7 days old slant culture. The flasks were then incubated statically at 28ºC for 7 days. Thereafter, the culture filtrate of each flask was taken for analysis. Each treatment was carried out in triplicates and the results obtained throughout the work were the arithmetic mean of the three experiments.
Preparation of crude enzyme, estimation of soluble protein, and assay of cellulase activity
At the end of the incubation period, A. flavus cells were separated from the culture by filtration using filter paper, and the clear supernatant was considered as the crude enzyme source. The protein content of the enzyme preparation was determined by the method of Lowry et al. (1951) . Cellulase activity was measured according to the method of Miller (1959) .
Plackett-Burman design
The design of Plackett and Burman (1946) was used in this study to reflect the relative importance of various fermentation factors on the activity of cellulase for degradation of cellulose. In this experiment, seven independent variables were screened in eight combinations organized according to the Plackett-Burman design. For each variable, a high (+) and low (-) level was tested. All trails were performed in duplicates and the average results were treated as the responses. The main effect of each variable was determined with the following equation: Exi = (Σ Mi+ -Σ Mi-) / N Where Exi is the variable main effect, Mi+ and Mi-are the activity percentage in trails where the independent variable (xi) was present in high and low concentrations, respectively, and N is the number of trials divided by 2. A main effect figure with a positive sign indicates that the high concentration of this variable is near to the optimum and a negative sign indicates that the low concentration of this variable is near to the optimum. Using Microsoft Excel, statistical t-values for equal unpaired samples were calculated for determination of variable significance.
Immobilization of A. flavus cells by gel entrapment
This experiment investigated the extracellular cellulase production by A. flavus biomass that was entrapped in alginate and agar using free cells as a control. An optimized culture medium in 250 ml Erlenmeyer flasks was introduced to porous beads of gel material including fungal cells. After 7 days in static culture at 28ºC, the cellulase activity and protein content of the culture filtrate were determined for the entrapped and free cells. Fungal cells were entrapped in 2% calcium alginate gel beads according to the procedure described by Eikmerier et al. (1984) . Also, entrapment in agar was done as mentioned by Chapatwala et al. (1993) .
Immobilization of A. flavus cells by adsorption
Five ml of fungal cell suspension was added to the Erlenmeyer flask (250 ml) containing sterilized culture medium (25 ml) containing sponge cubes, luffa, ceramic, stainless steel, clay particles, and pumice which were washed several times with water before use. These flasks were then placed in static incubator at 28°C for 7 days.
Semi-continuous cellulase production by adsorbed A. flavus on luffa pulp
The effect of reusing of entrapped A. flavus mycelia on the production of cellulase using luffa pulp as a porous supporter polymer was investigated. The experiment was carried out by batch wise reuse of the entrapped mycelia. At the end of each reuse the culture media were decanted and fresh media were added under aseptic conditions to the entrapped fungus. The time interval for the reuse was 7 days. Incubation was carried out at 28ºC.
Scanning electron microscopy
The adsorbent fungal mycelia were scanned using electron microscope. This was done in the Electron Microscope Unit in Faculty of Sceince, Alexandria University.
Results
Production of extracellular cellulase by the fungal isolates
The results in Table 1 indicate that all the tested isolates from the Dox's medium were able to degrade cellulose and produce extracellular cellulase under static and shaken conditions with different levels. A. flavus produced the highest extracellular cellulase activity (3.017 U/ml), followed by A. niger (2.89 U/ml), A. fumigatus (1.717 U /ml), and Penicillium (1.299 U/ml). Furthermore, the extracellular cellulase activity detected in culture filtrates of agitated culture after 7-day incubation period was generally lower than that of static culture, where cellulase activity obtained from A. flavus was (1.73 U/ml), followed by A. niger (1.19 U/ml), A. fumigatus (0.50 U/ml), and Penicillium (0.025 U/ml). Therefore, A. flavus cultivated under static condition was selected for the production of extracellular cellulase for further study. 
Effect of natural substrates as carbon sources
The data in Fig.1 show that the filter papers was the most preferable carbon source yielding a maximal cellulase activity (7.093 U/ml), followed by treated onion scales (5.697 U/ml). On the other hand, the lowest cellulase activity was obtained in cultures containing bagasse, and cellulose powder. 
Effect of different concentrations of onion scales
The results in Table 2 indicate that the optimum concentration of onion scales was 30 g/L, which yielded the highest cellulase activity (6.396 U/ml), as well as higher specific activity. Fermentation factors affecting cellulase production by A. flavus The Plackett-Burman design was applied to reflect the relative importance of various fermentation factors involved in cellulase production by A. flavus. The examined levels of seven culture variables are presented in Table 3 . The design was applied with nine different fermentation conditions as shown in Table 4 . All experiments were performed in duplicates and the averages of results of cellulase activity (U/ml) and protein content (mg/ml) are presented in Table 5 .
The principal statistical analysis of this experiment is shown in Table 6 . The main effect of each variable upon enzyme production as well as protein content was estimated and presented graphically in Fig. 2 which indicated that the presence of high levels of filter papers, K2HPO4, and inoculum size (ml) the growth medium affect cellulase production by A. flavus positively. On the other hand, the same figure suggests that the presence of MgSO4, FeSO4, peptone and culture volume (ml) at their lowest levels would result in high cellulase activity.
The results point out that high level of filter paper, inoculum size and peptone, K2HPO4, MgSO4 and FeSO4 in the medium with low levels of culture volume induced high protein content in the culture filtrate of the fungal cells. Figure. 3 shows that the cellulase activity reached 11.699 U/ml by using the optimized medium, which is higher than that obtained from the basal medium (7.087 U/ml). Moreover, the protein content of the culture filtrates of the optimized medium increased than the basal the medium. Table 7 shows that cellulase activity with free cells was higher than that of entrapped cells (11.22 U/ml). The agar entrapped cells recorded higher cellulase activity (8.22 U/ml) than alginate entrapped cells (7.86 U/ml). Table 8 shows high cell adsorption on all the used supports. However, the protein content of adsorbed cultures was slightly lower than that of free cultures. Cultures containing adsorbed mycelia on luffa pulp, sponge cubes, ceramic, pumice and stainless steel metal showed higher cellulase activity, while culture containing clay pieces showed lower cellulase activity as compared to the free cells. On other hand, cultures containing luffa pulp as a solid support exhibited the highest cellulase activity (17.78 U/ml), with specific activity of (10.58 U/mg). Figure 4 shows the protein content and activity of cellulase when immobilized fungal cells adsorbed on luffa pulp were re-used in seven successive times. The 4 th cycle gave high cellulase activity (34.17 U/ml) and high protein content (2.177 mg/ml). The activity decreased to the lowest value (12.11 U/ml) at the 7 th cycle with low protein content (1.218 mg/ml). Scanning electron micrograph Figure 5 shows a high condensation of fungal mycelia on luffa pulp which may explain the high activity of cellulase obtained from adsorption of A. flavus on luffa pulp. 
Effect of entrapping A. flavus cells with different materials on cellulase production
Effect of adsorption of A. flavus on cellulase production
Free cells
Effect of reusing entrapped A. flavus on cellulase production
Discussion
Cellulases have a technological importance in many industrial processes (Singh et al., 2012; Lan et al., 2013) , and are very important for digestion of hemicellulose and cellulose (Li et al., 2013) . Cellulose is the world's most abundant natural biopolymer (Bhat, 2000) , and its enzymatic hydrolysis to glucose is carried out by cellulase such as endoglucanases, cellobiohydrolases, and glycosidase (Okemoto et al., 2003) . Furthermore, each of these enzymes occurs in multiple forms. Cellulose is hydrolyzed by synergistic enzymatic reactions which cause much higher activity than the simple sum of every cellulolytic enzymatic activity (Lynd et al., 2002) .
The first part of the present work included a screening for the potency of some microbial isolates to produce extracellular cellulase activity. Fungi were isolated from soil in different locations using a Dox's medium contributed with cellulose as a sole carbon source. Among these isolates, A. flavus showed the highest cellulase activity under static condition. A possible explanation for the highest cellulase activity in static flask compared to the agitated flask is that, oxygen limitation could be a serious problem in the shaken flask cultivation due to the highly non-Newtonian medium that is caused by the filamentous growth of the fungus (Knapp et al., 2001) .
In the present study, the effect of substitution of cellulose in the culture medium by other carbon sources, one at a time, was investigated. The maximum cellulase activity was found when using filter papers, followed by onion scales. A low activity was found when using CMC, sawdust, and bagasse. Also, the concentration of onion scales plays an important role in cellulase production by A. flavus. It was found that the onion scales concentration of 30 g/l was the best level for obtaining a high value of cellulase activity and protein content. Many investigators used bagasse and sawdust as a sole carbon source for the cultivation of some microorganisms. A. flavus grown on sawdust, bagasse and corncob gave low cellulase activity. The decrease in cellulase activity common to all three substrates may be due to cumulative effect of cellobiose, a dimer of glucose which is known to inhibit both endoglucanase and glycosidase (Howell, 1978) . Also, Hatakka (1983) suggested that delignification produces aromatic water-soluble products which can repress the cellulolytic action of the enzyme. On the contrary, another study demonstrated high cellulase productivity from A. flavus with bagasse using the same operating conditions (Solomon et al., 1999) . This may be due to its very high percentage of cellulose which is the major component of cell walls of wood. In another study, different carbon sources were tested for production of cellulase by Aspergillus spp. which were glucose, sucrose, cellulose, CMC, and maltose ranging from 0.5 to 3% (w/v). Cellulose and CMC were found to be the best carbon sources for cellulase production by A. niger followed by sucrose, glucose, and maltose, while sucrose was found to be the best carbon for cellulase production by Trichoderma sp., followed by glucose, cellulose, maltose, and CMC. Cellulase production increased with increases the in initial sugar concentration, while further increases in sugar concentration slightly reduced the yield (Mandels and Reese, 1960) .
In addition, the Plackett-Burman design applied in the present study for the optimization of production of the enzyme by free cells has been demonstrated as an efficient approach to screen for medium component and/or factors affecting the production of cellulase, where medium optimization is generally a timeconsuming and labor-intensive process. Statistically based experimental designs proved to be valuable tools in optimization culture conditions (Zhang et al., 1996; Ooijkass et al., 1998) . One of the advantages of applying multi-factorial experiments is that it considers the interaction between the non-linear natures of the response in short experiments (Gresham and Inamin, 1986) . As demonstrated in the present study, Plackett-Burman design was effective in the evaluation of the fermentation medium and their effect on the production of cellulase enzyme by A. flavus. According to the results obtained from this experiment, it was possible to optimize the constituents of the fermentation medium. PlackettBurman design provides indications of how each component tends to affect the response. The conclusions obtained from this experiment were evaluated by a verification experiment in which a predicted optimum culture medium showed increasing in cellulase activity when compared to the basal medium.
Cellulase production by A. flavus that immobilized by entrapment in different gel materials was studied. The gel materials tested, alginate gel polymer and agar were effective for cellulase production. Cellulase activity reached about 7.86 U/ml when alginate was used, and 8.22 U/ml when agar was used. But the activity of free cells was higher than that obtained from the entrapped fungal cells in alginate gel materials. Also, the production of cellulase by A. flavus immobilized by adsorption on different porous solid supports was studied. The highest cellulase activity was observed in culture containing luffa pulp as a solid support followed by sponge cubes and pumice particles. The activity was nearly 1.5 fold of that obtained from free cells. Also stainless steel and ceramic particles showed a higher activity than free cells. Only clay pieces showed a slightly lower activity. Some investigators reported enhancement of enzyme production by adsorbed fungal cells on porous support. Humicola lutea 120-5 spores entrapped in polyurethane sponge cubes and cultivated inside the carrier were used for the production of acid proteinases (Aleksieva and Tchorbanov, 1990) . Also, the cultivation of A. oryzae cells, which produced alpha-amylase, and A. awamori cells, which produced pectinase, were studied on an immobile solid carrier of porolon (Bliyeva, 1982) .
The production of cellulase by immobilized A. flavus was studied. The immobilized cells were reused for seven successive cycles covering a period of 49 days. The reuse of the immobilized mycelia on luffa enhanced the production of the enzyme until third and fourth successive cycle where gradual increase of cellulase activity values was recorded. At fourth cycle, the cellulase activity and protein reached maximum values then gradual decrease was observed in the next reuses. In another study, enhancement of antibiotic biosynthesis with semicontinuous and continuous cultures from immobilized spores of Penicillium utrcae and Penicillium chrysogenum using k-carrageenan beads was reported by (Doe et al., 1984) .
Moreover, scanning electron microscope revealed that a relatively condense of masses of fungal mycelia were accumulated on a luffa pulp which reflects the result of high activity of cellulases than in free cells. The good cell adsorption obtained on luffa as a solid support with the simplicity of the immobilization procedure and low cost allows the high yield of cellulase by A. flavus for industrial purposes.
The results of the present investigation collectively indicate the possibility of using free or adsorbed cells of A. flavus for the production of a highly active cellulase, which can be applied in many fields such as food industry, fouls production, paper and pulp industries. The results also indicate the possibility of using different agro-wastes like onion scales as a sole carbon source for production of economically accepted cellulase by A. flavus.
